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Description 

BACKGROUND OF THE INVENTION 

5 a) Field of the Invention 

[0001] The present invention relates to a diversity receiver, to a method for linearly combining a plurality of branch 
signals supplied from a plurality of antennas, and a circuit for linearly combining a plurality of branch signals supplied 
from a plurality of antennas. 

w 

b) Description of the Prior Art 

[0002] A phenomenon which is called fading occurs under circumstances where a plurality of radio transmission 
paths are produced between a transmitter and a receiver. Assume that radio waves transmitted from a transmitter are 

15 received by the same receiver through a first transmission path on one hand and a second transmission path on the 
other hand. Interference between the radio waves that have traveled via the first transmission path and those which 
have traveled via the second transmission path varies the envelop and phase of a received signal on a random basis. 
A fault due to the radio transmission through the plurality of transmission paths is generally called fading. When fading 
occurs, transmission quality is particularly deteriorated. 

20 [0003] For example, fading occurs in environments where there are buildings or natural terrain which reflect or scatter 
transmitted radio waves. Therefore, it is particularly significant for a system which carries out radio communication 
with a transmitter or a receiver moving around in a town or on the road, such as mobile communication system. To 
avoid the transmission quality from being deteriorated as a result of fading, fields of mobile communication and others 
may adopt diversity reception. 

25 [0004] Several types of diversity reception are known. One is designated as space diversity. Space diversity uses a 
plurality of receiving antennas which are spatially separated and combines signals received by the respective receiving 
antennas to reduce the effects of fading. Known received signal combining methods for space diversity include selection 
combining, equal-gain combining, and maximal-ratio combining methods. The maximal-ratio combining method as- 
signs weights in proportion to envelope levels of the respective received signals influenced by fading and combines 

so these received signals at the same time. The maximal-ratio combining method is a method in which a signal-to-noise 
ratio (hereinafter referred to as carrier-to-noise ratio: C/N) after combining, becomes highest among the various com- 
bining methods. Therefore, it is the best from the point of view of improving transmission quality. 
[0005] Fig. 12 shows the structure of a diversity receiver described in "Fundamentals of Mobile Communications" 
(in Japanese) supervised by Okumura, et al M edited by the Institute of Electronics, Information and Communication 

35 Engineers (IEICE), and first published in 1986 by Corona Publishing Co., Ltd. The receiver of this drawing employs 
the space diversity method as the diversity method and the maximal-ratio combining method as the received signal 
combining method. It has two branches or receiving systems. 

[0006] The first branch consists of an antenna 1 00, an envelope detector 1 02, a phase detector 1 04, a phase shifter 
106, and a variable gain amplifier 108. Similarly, the second branch consists of an antenna 101 , an envelope detector 

40 1 03, a phase detector 1 05, a phase shifter 1 07, and a variable gain amplifier 1 09. The antennas 1 00 and 1 01 receive 
a radio signal and feed the received signal to the corresponding phase shifters and variable gain amplifiers in turn. 
The phase shifters 106 and 107 shift the phases of the signals received from the corresponding antennas, according 
to the outputs of the corresponding phase detectors. The variable gain amplifiers 1 08 and 1 09 amplify the received 
signals, which have the phases shifted by the corresponding phase shifters, by gains according to the outputs of the 

45 corresponding envelope detectors. The two received signals obtained by the phase shifting process and the variable 
gain amplifying process are added by an adder 110 in the latter stage, then detected and demodulated by a detector 
400 in the latter stage. A combined received signal obtained as a result is outputted to a circuit (not shown) through 
an output 402. 

[0007] The phase detectors 104 and 105 detect the phases of the signals received by the corresponding antennas. 
so The phase shifts at the phase shifters 1 06 and 1 07 are controlled according to the outputs of the corresponding phase 
detectors as described above. More specifically, the phase shifts at the phase shifters 106 and 107 are controlled by 
the corresponding phase detectors so that the phase of the received signal outputted from the phase shifter 106 be- 
comes equal to that of the received signal outputted from the phase shifter 109. Thus, the adder 110 can produce an 
in-phase combination. 

55 [0008] Furthermore, the envelope detectors 1 02 and 1 03 detect the envelope levels of the signals received by the 
corresponding antennas. Amplification gains at the variable gain amplifiers 108 and 109 are controlled according to 
the outputs of the corresponding envelope detectors as described above. More specifically, the amplification gains at 
the variable gain amplifiers 108 and 109 are controlled so as to be proportional to the envelope levels of the signals 
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received by the corresponding antennas. Such weighting determines a contribution of each branch to the signal out- 
putted from the adder 110 according to the envelope (evel prior to each variable gain amplification. 
[0009] The implementation of the diversity receiving by the above circuit can linearly combine the received signals 
according to the envelope level. Roughly speaking, signals having a high envelope level have a good C/N, so that the 
s combination of the received signals by the adder 110 according to the envelope level can provide a signal having a 
generally good C/N. 

[0010] However, the generality "signals having a high envelope level have a good C/N" is not always true for all the 
received signals. In reality, some received signals, which have a low envelope level, also have a good C/N. In the 
circuit shown in Fig. 1 2, a received signal having a low envelope level cannot contribute to the output of the adder 110. 
10 Therefore, the conventional maximal-ratio combining method cannot effectively use a radio wave having a good C/N 
regardless of the receipt of such a radio wave. 

[0011] Conversely, some received signals, which have a high envelope level, have a poor C/N. This type of signal 
contributes greatly to the output of the adder 1 1 0. Therefore, in the conventional maximal-ratio combining method, the 
received signal having a poor C/N may make a large contribution, while the output signal of the adder 110 does not 
is have a significant C/N. 

[0012] Furthermore, when a radio wave is received through a transmission path which is suffering from fading, the 
received signal has an envelope level which generally varies over a wide range of 50 dB or above. Therefore, when 
the aforementioned maximal-ratio combining method is used to lower or overcome the effects of fading, the envelope 
detectors 1 02 and 1 03 are required to have high performance, namely "having linearity over a wide dynamic range of 
20 50 dB or above" and at the same time, the variable gain amplifiers 1 08 and 1 09 are required to have high performance, 
namely "capable of controlling the gain over a wide dynamic range of 50 dB or above". This results in complicating the 
envelope detector circuit, the variable gain amplifier and their peripheral structures, causing a rise in price and difficulty 
in implementation. 

[0013] EP 0 460 748 A relates to a receiver with at least two receiving branches. Each of said branches comprises 
25 a receiver 2a,2b, means for generating normal and quadrature components in the baseband 3a,3b and an equalizer 
4a,4b. Said equalizer 4a,4b is capable of generating a reliability information for each of the detected data symbols 
separately. 

[0014] Document HANNA S A ET AL. "AN ADAPTIVE COMBINER FOR COCHANNEL INTERFERENCE REDUC- 
TION IN MULTI-USER INDOOR RADIO SYSTEMS" GATEWAY TO THE FUTURE - TECHNOLOGY IN MOTION, ST. 

30 LOUIS, MAY 19-22, 1991, no. CONF. 41, 19 May 1991, INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGI- 
NEERS, pages 222-227 discloses a technique for suppressing interference by use of an antenna array in conjunction 
with an adaptive combiner that employs a training sequence to adjust the receiver to the desired co-user. Signals 
received at the diversity antennas are weighted and summed to produce a combined signal. Said weight coefficients 
are adjusted such that the transmission quality is improved. 

35 [0015] It is the object of the present invention to relieve a demand for an envelope detector to be linear over a wide 
dynamic range. 

[0016] This object is solved in accordance with the present invention as defined in claims 1,16 and 17, respectively. 
[0017] In this invention, reliability information is extracted from the branch signals obtained in accordance with the 
space diversity method. The extracted reliability information is used to determine weights which are used to linearly 
40 combine the branch signals. A signal obtained by the linear combination, or a combined received signal, is supplied 
to the next step. 

[0018] Here, in this invention, the reliability information is extracted on the prescribed observation period basis. The 
observation period is determined to be adequately shorter than the period of a branch signal variation due to fading, 
and more specifically, so short that fading paths can be assumed to be white noise Gaussian transmission paths. This 

45 determination causes the reliability information to be information having C/N quantified, or to be transmission quality 
information indicating a degree of contribution of the branch signal to the improvement of the C/N of the combined 
received signal. In this invention weights are determined according to the reliability information, so that it is possible 
to effectively use "the received signal having a low envelope level and a good C/N" to further improve transmission 
quality and to preclude "the received signal having a high envelope level and a poor C/N", to thus further improve 

so transmission quality. 

[0019] The branch signals can be linearly combined by using variable gain amplifiers disposed to correspond to 
respective branches and an adder for summing the amplified branch signals. In this case, gains of the variable gain 
amplifiers are determined according to the weight determined for each branch. The variable gain amplifiers can be 
replaced by multipliers for multiplying a weight and a branch signal. The multipliers simplify the circuit structure com- 
55 pared to when the variable gain amplifiers are used. 

[0020] To linearly combine the branch signals, the branch signals are matched to have the same phase. To match 
them, a phase detector and a phase shifter are disposed for each branch to control the operation of the phase shifter 
according to the phase detected by the corresponding phase detector. In this case, a detector is disposed to detect 
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and demodulate the combined received signal. Alternatively the detector may be disposed for each branch and before 
a linear combination means. Since the phases of the branch signals can be matched by the detectors, the phase 
detectors and the phase shifters are no longer required, and weighting can be carried out by a simple technique. 
[0021 ] To determine the weight according to the reliability information, an algorithm is needed to convert the reliability 
5 information into the weight. For the algorithm, a proportional function and a step function can be used, for example. 
When the step function is used, the weight determining means has a simple structure. 

[0022] The method to obtain the reliability information uses the envelope level. In this method, an envelope detector 
disposed for each branch is used to detect the envelope level of the corresponding branch signal. Then, the obtained 
envelope levels are compared between the branches, and an identification signal indicating the result is generated. 

10 The number of comparators used for the above purpose is fewer by one than the number of branches. Further, for 
each branch, and based on the identification signal, a probability that the envelope level of the branch becomes higher 
than the envelope level of other branch as in a single observation period is determined. The obtained probability in* 
formation is supplied to weight determination means as reliability information. When the above method is employed 
to generate reliability information, a performance requirement of the envelope detectors and the variable gain amplifiers 

is can be relieved. In addition, the envelope detection technology used by the conventional method can be used, so that 
a development cost is low. 

[0023] The method for generating the probability information based on the envelope levels includes, for example, a 
step for sampling the identification signal and a step for classifying and counting the sampled data according to its 
value. A counted value obtained as a result, a time average or moving average obtained by dividing the counted value 
20 by a sample number, and time elapsed when the counted value reaches a prescribed value, can be dealt with as the 
above probability information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0024] 

Fig. 1 is a block diagram showing the structure of the diversity receiver according to the first embodiment of the 
invention. 

Fig. 2 is a graph showing a conversion principle used to generate k-th weighting signal Wk in the embodiment of 
30 Fig. 1 . 

Fig. 3 is a graph showing that a probability density function Pr(Rk) of an envelope level Rk of a signal received by 
the k-th branch follows Rice distribution. 

Fig. 4 is a graph showing a probability Pk that when a C/N of a signal received by the first branch is 15 dB, an 
envelope level Rk of a signal received by the k-th branch is judged to be higher than those of signals received by 
35 other branches. 

Fig. 5 is a view showing an example of the circuit used for weighting in the second embodiment of the invention. 
Fig. 6 is a block diagram showing the structure of the diversity receiver according to the third embodiment of the 
invention. 

Fig. 7 is a block diagram showing the structure of the diversity receiver according to the fourth embodiment of the 
40 invention. 

Fig. 8 is a graph showing a conversion principle used to generate k-th weighting signal Wk in the fifth embodiment 
of the invention. 

Fig. 9 is a block diagram showing the structure of the diversity receiver according to the sixth embodiment of the 
invention. 

45 Fig. 10 is a block diagram showing the structure of the diversity receiver according to the seventh embodiment of 

the invention. 

Fig. 11 is a block diagram showing the structure of the diversity receiver according to prior art. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 

[0025] Preferred embodiments of the invention will be described with reference to the attached drawings. Like or 
corresponding members as in the aforementioned prior art will be given the same reference numerals and their de- 
scription will be omitted. Also , common or corresponding members throughout the embodiments will be given the same 
reference numerals and their description will be omitted. 

55 

a) Embodiment 1 

[0026] Fig. 1 shows the structure of the diversity receiver according to the first embodiment of the invention. This 
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embodiment has two branches disposed in the same way as in the prior art. The first branch consists of an antenna 
100, a phase detector 104, a phase shifter 106, and a variable gain amplifier 108. The second branch consists of an 
antenna 101 , a phase detector 105, a phase shifter 107, and a variable gain amplifier 109. These antennas, phase 
detectors, phase shifters, and variable gain amplifiers have the same functions as those used in the prior art. An adder 
5 110, a detector 400, and an output 402 are disposed to follow the variable gain amplifiers 108 and 109 in the same 
way as in the prior art. 

[0027] This embodiment controls gains of the variable gain amplifiers 1 08 and 1 09 by a reliability information extractor 
200 and a weighting signal generator 300 which are shared by each branch. 

10 Structure and operation of reliability information extractor 

[0028] The reliability information extractor 200 consists of envelope detectors 1 02 and 1 03, a level comparator 201 , 
and a time average calculator 202. The envelope detectors 102 and 103 each detect an envelope level of a signal 
received by the antenna 1 00 or 1 01 . In the drawing, an envelope level of the signal received by an antenna belonging 

15 to the k-th branch is represented by a symbol Rk. The level comparator 201 compares the envelope levels between 
the branches. Since this embodiment has two branches, the level comparator 201 judges which is higher between 
envelope levels R1 and R2. When it Is judged that R1 is higher than or equal to R2, the level comparator 201 outputs 
a signal °0". When R2 is judged to be higher than R1 , the level comparator 201 outputs a signal M 1 
[0029] The time average calculator 202 samples an output signal of the level comparator 201 for every period Ts=T/ 

20 N (N: sample number, natural number of 2 or more) within a time T adequately shorter than a period of envelope level 
variation due to fading. The time average calculator 202 counts the number n1 of sampted data having a value "0" and 
the number n2 of sampled data having a value "1 " obtained in the time T The n1 and n2 obtained by counting indicate 
a ratio of the time with R1 ^R2 or the time with R2>R1 in the time T. The time average calculator 202 calculates P1 
and P2 by the following formulae: 

25 

P1=n1/N 



30 P2=n2/N. 

[0030] The P1 and P2 thus obtained each indicate a realized value of a probability that the judgment of R1 ^R2 or 
R2>R1 is made in the time T. Thus, they meet a relation of P1+P2=1. In putting this embodiment into practice, for 
example n1 is counted, P1 is obtained based on the counted n1, and P2=1-P1 is calculated. The time average calculator 
35 202 supplies these realized values, or time averages P1 and P2, as reliability information to the weighting signal gen- 
erator 300 in the time T. 

Operation of weighting signal generator 

40 [0031 ] The weighting signal generator 300 generates weighting signals W1 and W2 by referring to the time averages 
P1 and P2 to the relation shown in Fig. 2, for example. Fig. 2 uses a relation of Wk=Pk, but more generally, a relation 
of Wk=ak*Pk can be used (ak is a proportional coefficient with respect to the k-th branch). The weighting signal gen- 
erator300 supplies a weighting signal Wk to the variable gain amplifier belonging to the k-th branch. Thus, the amplifying 
gain at each variable gain amplifier, or a weight given to each branch when the received signals are to be combined, 

45 is controlled. 

Operation principle 

[0032] The above described structure can realize a space diversity according to the maximal-ratio combining method. 
50 Also, the received signals can be combined with the C/N taken into account, and the equipment can be simply struc- 
tured. These advantages are based on the following principle. 

[0033] First, the behavior of an envelope level in a fading channel where fading has occurred will be considered. In 
a fading channel where fading has occurred, the envelope level varies over a wide range of 50 dB or above. However, 
this variation is periodical. Therefore, when attention is given to the time T which is adequately shorter than the period 
55 of variations in the envelope level due to fading, the envelope level can be assumed to be substantially constant in the 
time T. Namely, even in the transmission path with fading, if considered for such a short time T, the path appears as 
equivalent to a white Gaussian noise transmission path without fading. 

[0034] Here, assume that an antenna belonging to the k-th branch has received a signal through the white Gaussian 
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noise transmission path. Then, a probability distribution function Pr(Rk) of an envelope level Rk of the signal becomes 
a function indicating the Rice distribution shown in Fig. 3. Further, when a signal amplitude is Ak and noise power is 
ak 2 , the probability density function Pr(Rk) can be expressed by the following formula (1). in the formula (1), IO(z) is 
a zero-order modified Bessel function of the first kind and expressed by the formula (2). 



10 
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where, K=1 ,2,0<Rk<°o ,0<Ak«> 

15 



IoU) = £'J exp(z<cos8)d9 



(2) 



20 

[0035] Here, when it is assumed that average noise powers of signals received by the respective antennas are equal 
to each other, a1 2 =a2 2 is formulated. A probability P1 of holding R1^R2 and a probability of holding R2>R1 are ex- 
pressed by the formula (3) based on the Marcum Q-function of the formula (4). Variables y1 and 72 in the formula (3) 
are given by the following formula (5) and represent C/N's of the signals received by the antennas belonging to the 
25 first and second branches. When y1 representing the C/N of the first branch is fixed at 15 dB and the C/N or Rk of the 
second branch is changed, the probabilities P1 and P2 behave as shown in Fig. 4. 



30 
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45 



50 



55 



P 2 =Prob(R 2 >R 1 ):=^ 

Pj = Prob (R^R 2 ) = I -Prob(R2>R, ) 

4{ I+Q (^^)-Q(v^'aAT}| 



(3) 



Q(a.b) = j exp(-a!±*i). i 0 (ax). xdx 



(4) 



y1=A1 2 /(2o1 2 ) 

•y2=A2 2 /(2o2 2 ) (5) 

[0036] Thus, the probabilities P1 and P2 are dependent on the C/N of the received signals. Therefore, when the 
probabilities P1 and P2 are determined and the variable gain amplifiers 1 08 and 109 are controlled according to the 
determined probabilities P1 and P2, a high weight (high amplification gain) can be given to the output of a branch 
having a relatively high envelope level and also to the output of a branch having a relatively high C/N. Consequently, 
"the received signal having a low envelope level and a good C/N a can be effectively used to improve transmission 
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quality, and effects of "the received signal having a high envelope level and a poor C/N a can be prevented in order to 
improve transmission quality. 

[0037] Furthermore, the envelope detectors 1 02 and 1 03 in this embodiment have linearity to an extent sufficient for 
judging a level by the level comparator 21 0. Namely, this embodiment does not need envelope detectors having linearity 

5 over a very wide dynamic range, unlike the prior art. Besides, in this embodiment, the dynamic ranges of the variable 
gain amplifiers 1 08 and 1 09 are determined according to a sample number N. For example, when the sample number 
N Is 16, the variable gain amplifiers 1 08 and 1 09 have a dynamic range of 20log1 6=24 dB. Therefore, this embodiment 
does not need to use a variable gain amplifier capable of controlling a gain over a wide dynamic range of 50 dB or 
more, unlike the prior art. Thus, a circuit structure can be simplified, and a diversity receiver which is inexpensive and 

10 provides good transmission quality can be attained. 

b) Embodiment 2 

[0038] Fig. 5 shows an essential structure of the diversity receiver according to the second embodiment of the in- 
15 vention. This embodiment has substantially the same structure as in the first embodiment except that the variable gain 
amplifiers of Fig. 1 are replaced by multipliers 114 as shown in Fig. 5. The structure of Fig. 5 can give a weight to the 
corresponding received branch signal by a simpler process than the first embodiment. 

c) Embodiment 3 

20 

[0039] Fig. 6 shows a structure of the diversity receiver according to the third embodiment of the invention. Detectors 
400 and 401 of this embodiment are disposed differently from the detector 400 of the first embodiment. Namely, the 
detectors 400 and 401 are respectively arranged at forestages of the amplifiers 108 and 109 in respective branches. 
Besides, the phase detectors and phase shifters are not provided in this embodiment, since the detectors 400 and 401 
25 execute the phase difference compensation process and therefore the phases of detected received signals in respective 
branches are in-phase with each other. 

[0040] As a result.in this embodiment, the same advantages as the first embodiment are also realized. In addition, 
the phase difference compensation process by the phase detector and the phase shifter can be eliminated, so that 
weights can be given to the received signals by a simpler process than the first embodiment. 

30 

d) Embodiment 4 

[0041] Fig. 7 shows a structure of the diversity receiver according to the fourth embodiment of the invention. This 
embodiment uses a moving average calculator 204 instead of the time average calculator of the first embodiment. 
35 Namely, the first embodiment calculates a time average in the time T after a lapse of every time T, while this embodiment 
calculates an average of N data sampled in the time T immediately before a present time, or a moving average, after 
a lapse of every sampling period Ts. The moving average calculated is supplied to the weighting signal generator 300 
as a realized value of the probabilities P1 and P2 which is reliability information. 

[0042] Structuring as described above can realize a diversity receiver having the same advantages as the first em- 
40 bodiment. Besides, since the movi ng average is used instead of the time average, the follow-up property to the envelope 
level variations is better than in the first embodiment. 

e) Embodiment 5 

45 [0043] Fig. 8 shows operation of the weighting signal generator 300 of the fifth embodiment of the invention. In this 
embodiment, a weighting signal Wk varies stepwise at two threshold values Pth and 1-Pth. Namely, transformation 
formulae (6) from reliability information Pk to the weighting signal Wk are expressed as follows. But, the threshold 
value Pth is set so that a relatively good diversity effect is obtained when the reliability information Pk is in an area on 
or above Pth. 

50 

W1 =1 , W2=0 for 1 -Pth<P1 <1 and 0^ P2<Pth 
W1=W2=0.5 for Pth^PI and P2^1-Pth 

55 

W1=0, W2=1 for0SP1<Pth and 1-Pth<P2gPth (6) 
[0044] Thus, the same effects as in the first embodiment can be obtained. Besides, the weighting signal generator 
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300 has a simple operation principle compared with the first embodiment, so that the weighting signal generator 300 
has a very simple circuit structure. 

f) Embodiment 6 

5 

[0045] Fig. 9 shows a structure of the diversity receiver according to the sixth embodiment of the invention. This 
embodiment is a combination of the second and third embodiments with the number of branches increased to four. 
Fig. 9 shows circuits, which have been increased in conformity with the increased number of branches, with symbols 
a, b and others added to the reference numerals used in the second and third embodiments for the circuits having the 
10 same functions. Also, three level comparators, i.e., 201, 201a and 201b, which have been disposed as the branches 
have been increased, carry out the comparison operation expressed by the formulae (7), respectively 

Level comparator 201 : output="0" for R1 ^R2 

TforR2>R1 
Level comparator 201a: output="0 M for R1 ^R3 
20 "1 M forR3>R1 

Level comparator 201 b: output= ,, 0 H for R1 ^ R4 

"1"forR4>R1 (7) 

25 

[0046] A time average calculator 202 samples an output signal of each level comparator at a sampling period Ts for 
a time T, and counts the number of times the sampling data value becomes "0" and the number of times the sampling 
data value becomes "1" for each level comparator. Therefore, what is obtained by counting is number n1 of data 
indicating R1>R2, number n2 of data indicating R2>R1, number nla of data indicating R1>R3, number n3 of data 
30 indicating R3>R1 , number nib of data indicating R1 >R4, and number n4 of data indicating R4>R1 . Relations of n2=N« 
n1, n3=N-n1a and n4=N-nlb may be used to partly obviate the counting operation. 

[0047] Besides, the time average calculator 202 uses the following formulae (8) to calculate a probability P1 that R1 
is judged to be maximum among four envelope levels R1 to R4, a probability P2 that R2 is judged to be maximum, a 
probability P3 that R3 is judged to be maximum, and a probability P4 that R4 is judged to be maximum. 

35 

P1=N1/(N1+N2+N3+N4) 



P2=N2/(N1+N2+N3+N4) 



P3=N3/(N1+N2+N3+N4) 

45 

P4=N4/(N1+N2+N3+N4) 

where, 

50 

N1=n1 *n1a*n1b 
N2=n2*n1a*n1b 

55 N3=n3*n1a*n1b 

N4=n4*n1a*n1b (8) 
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[0048] A weighting signal generator 300 generates weighting signals W1 to W4 in the same way as in the previous 
embodiments based on the obtained reliability information P1 to P4 as above. These weighting signals W1 to W4 are 
each multiplied by the received signal of each branch in corresponding multipliers. An adder 110 sums the outputs of 
these multipliers. 

s [0049] Thus, this embodiment can realize the same effects as in the previous embodiments for diversity having three 
or more branches. 

g) Embodiment 7 

10 [0050] Fig. 1 0 shows a structure of the diversity receiver according to the seventh embodiment of the invention. This 
embodiment is common to the sixth embodiment in the point that the second and third embodiments are combined 
with the branches increased to four. However, this embodiment uses only one level comparator 201 . 
[0051] The level comparator 201 judges the highest level among the outputs of four envelope detectors, or envelope 
levels R1 to R4. The level comparator 201 outputs a signal of a value M 0" when the envelope level R1 is judged to be 

15 highest, a signal of a value "1 H when the envelope level R2 is judged to be highest, a signal of a value "2° when the 
envelope level R3 is judged to be highest, and a signal of a value u 3" when the envelope level R4 is judged to be highest. 
[0052] A time average calculator 202 samples the output signals of the level comparator 201 in a sampling period 
Ts=T/N sufficiently shorter than a time T. The time average calculator 202 counts data number n1 of a value "0", data 
number n2 of a value "1", data number n3 of a value °2", and data number n4 of a value "3" with respect to sampling 

20 data obtained within the time T. The time average calculator 202 divides n1 to n4 each by N to generate time averages 
P1 to P4 which ought to be reliable information. Since n1+n2+n3+n4=N, counting can be omitted for one of n1 to n4. 

i) Supplement 

25 [0053] The above embodiments may be easily combined appropriately by those skilled in the art based on the dis- 
closure of the invention. For example, the variable gain amplifier for controlling a gain and the multiplier can be replaced 
mutually. Further, selection of whether the gain control is effected before or after the detection can be made easily by 
those skilled in the art who have read the disclosure of the invention. The same also applies to the selection between 
the time average and the moving average, and between a proportional formula and a discrete weighting formula for 

30 the transformation formula from reliability information to weighting signals. 

[0054] The relationship between the reliability information and the weighting signals is not limited by the proportional 
relation or the discrete weighting relation. The order of the phase difference compensation process based on the phase 
detector output and the gain control based on the weighting signal may be replaced. The fifth embodiment has set a 
pair of threshold values Pth and 1-Pth, but a plurality of pairs may be set. 

35 [0055] The first and other embodiments have determined the time average nk/N and used it as reliability information. 
However, the counted value nk may be used as it is as reliability information. Furthermore, the length of time that the 
counted value nk reaches a prescribed value may be counted and used as reliability information. 
[0056] It is to be understood that the number of branches is not limited to two or four. 

40 

Claims 

1 . A diversity receiver comprising: 

45 a plurality of antennas (100,101) for generating branch signals by receiving radio signals through a plurality 

of radio signal paths which are different from each other, 

means (200) for extracting reliability information of respective branch signals from the respective branch sig- 
nals during an observation period, the observation period being set sufficiently shorter than a variance period 
of the branch signals due to fading of the radio signals such that the radio signal paths appear to be equivalent 
50 to white noise Gaussian transmission paths, 

means (300) for determining weights for the respective branch signals on the basis of the reliability information, 
and 

means (108 to 110) for generating a combined received signal by linearly combining the branch signals in 
accordance with the weights (W1 , W2), 

55 

wherein the reliability information each represent a degree of contribution, to improvement of a signal-power- 
to-noise-power ratio of the combined received signal, of a corresponding branch signal; 
wherein 
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the reliability extraction means (200) includes; 

a plurality of envelope detectors (1 02, 1 03) each corresponding to one of the branch signals, for detecting 
envelope levels (R1 ,R2,R3,R4) of corresponding branch signals, 

5 a level comparator (201) for comparing the envelope levels (R1 ,R2,R3,R4)between the branch signals 

and also for outputting an identification signal representative of a comparison result, and 
means (202) for generating, for respective branch signals, probability information (P1,P2,P3,P4) each 
representing a probability that a corresponding envelope level (R1 ,R2,R3,R4) is higher than others during 
the observation period, on the basis of the identification signal, and the probability information generating 

10 means (202) also for supplying the probability information as the reliability information to the weight de- 

termination means (300). 

2. A diversity receiver according to claim 1, wherein the linear combination means (108 to 110) includes: 

a plurality of variable gain amplifiers (1 08,1 09), each corresponding to one of the branch signals, for amplifying 
the corresponding branch signals at gains in accordance with corresponding weights (W1 ,W2), respectively, 
and 

an adder (110) for adding the branch signals after amplification. 

20 3. A diversity receiver according to claim 1 , wherein the linear combination means includes: 

a plurality of multipliers (114), each corresponding to one of the branch signals, for multiplying the correspond- 
ing branch signals by corresponding weights, respectively, and 

an adder (110) for adding the branch signals after multiplication by the corresponding weights. 

25 

4. A diversity receiver according to claim 1 , wherein the linear combination means includes: 

a plurality of phase detectors (104), each corresponding to one of the branch signals, for detecting phases of 
corresponding branch signals, respectively, 
30 a plurality of phase shifters (106), each corresponding to one of the branch signals, for phase-shifting corre- 

sponding branch signals in accordance with the phases of the corresponding branch signals, respectively, and 
an adder (110) for adding the branch signals after phase-shifting. 

5. A diversity receiver according to claim 1 ,further comprising a detector (400) for detecting and demodulating the 
35 combined received signal. 

6. A diversity receiver according to claim 1 , further comprising a plurality of detectors (400), each corresponding to 
one of the branch signals, for detecting and demodulating corresponding received signals and also for supplying 
detected and demodulated branch signals as the branch signals to the linear combination means (1 08, 1 1 0) after 

40 making the phases thereof even. 

7. A diversity receiver according to claim 1 , wherein the weight determination means (300) determines the weights 
for respective branch signals by converting each of the reliability information to a corresponding one of the weights 
using a predetermined conversion algorithm. 

45 

8. A diversity receiver according to claim 7, wherein the predetermined conversion algorithm has a form of a simple 
proportion. 

9. A diversity receiver according to claim 7, wherein the predetermined conversion algorithm has a form of a step 
so function. 

10. A diversity receiver according to claim 1, wherein the probability information generating means (200) includes: 

means for sampling the identification signal for every sampling period which is one N-th of the observation 
ss period, wherein N is a natural number larger than 1 , 

means for counting, for respective branch signals, numbers of sampled data which represent that the envelope 

levels of corresponding branch signals are larger than those of other branch signals, and 

means for outputting count values for respective branch signals as the probability information thereof. 
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11. A diversity receiver according to claim 1, wherein the probability information generating means includes: 

means for sampling the identification signal for every sampling period which is one N-th of the observation 
period, where N is a natural number larger than 1 , 
5 means for counting, for respective branch signals, numbers of sampled data which represent that the envelope 

levels of corresponding branch signals are larger than those of other branch signals, 
means for calculating ratios of count values to N for respective branch signals, and 
means for outputting them as the probability information thereof. 

10 1 2. A diversity receiver according to claim 1 1 , wherein the ratios are calculated as time averages for every observation 
period. 

13. A diversity receiver according to claim 11 , wherein the ratios are calculated as moving averages for latest N sam- 
ples. 

15 

14. A diversity receiver according to claim 1 , wherein the probability information generating means includes: 

means for sampling the identification signal for every sampling period which is one N-th of the observation 
period, where N is a natural number larger than 1 , 

means for counting, for respective branch signals, numbers of sampled data which represent that the envelope 
levels of corresponding branch signals are larger than those of other branch signals, 
means for counting, for respective branch signals, sampling periods required for corresponding count values 
to reach a predetermined value, and 

means for outputting said required sampling periods as the probability information thereof. 

15. A diversity receiver according to claim 1 , wherein the number of branch signals is larger than 2, and 

said level comparator comprises a plurality of comparators (201,201a,201b), being provided correspondingly 
to respective branch signals except forone of the branch signals, forcomparing the envelope levels (R1 ,R2,R3,R4) 
of the corresponding branch signals to that of said one of the branch signals and also for outputting an identification 
30 signal representative of a comparison result. 

16. A method for linearly combining branch signals supplied from a plurality of antennas (100,101), the plurality of 
antennas supplying radio signals, received through a plurality of radio signal transmission paths which are different 
from each other, as the branch signals, the method comprising the steps of: 

35 

extracting reliability information of respective branch signals from the respective branch signals during an 
observation period, the observation period being set sufficiently shorter than a variance period of the branch 
signals due to fading of the radio signals such that the radio signal paths appear to be equivalent to white 
noise Gaussian transmission paths, 
40 determining weights (W1 ,W2,W3,W4) for the respective branch signals on the basis of the reliability informa- 

tion, and generating a combined received signal by linearly combining the branch signals in accordance with 
the weights (W1 ,W2,W3,W4), 

wherein the reliability information each represents a degree of contribution, to improvement of a signal-power- 
45 to-noise-power ratio of the combined received signal, by a corresponding branch signal; 

detecting envelope levels (R1,R2,R3,R4) of corresponding branch signals, 

comparing the envelope levels (R1,R2,R3,R4) between the branch signals and outputting an identification 
signal representative of a comparison result, 
50 generating, for respective branch signals, probability information (P1,P2,P3,P4) each representing a proba- 

bility that a corresponding envelope level (R1 ,R2,R3,R4) is higher than others during the observation period, 
on the basis of the identification signal, and 
supplying the probability information as the reliability information. 

55 17. A circuit for linearly combining branch signals supplied from a plurality of antennas (100,101), the plurality of an- 
tennas supplying radio signals, received through a plurality of radio signal transmission paths which are different 
from each other, as the branch signals, the circuit comprising: 



20 
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means (200) for extracting reliability information of respective branch signals from the respective branch sig- 
nals during an observation period, the observation period being set sufficiently shorter than a variance period 
of the branch signals due to fading of the radio signals such that the radio signal paths appear to be equivalent 
to white noise Gaussian transmission paths, 

means (300) for determining weights for respective branch signals on the basis of the reliability information, and 
means (110) for generating a combined received signal by linearly combining the branch signals in accordance 
with the weights (W1 ,W2,\N3>\N4) t 

wherein the reliability information each represent a degree of contribution, to improvement of a signal-power- 
to- noise-power ratio of the combined received signal by corresponding branch signal, 
wherein 

the reliability extraction means (200) includes: 

a plurality of envelope detectors (1 02, 1 03) each corresponding to one of the branch signals, for detecting 
envelope levels (R1 ,R2,R3,R4) of corresponding branch signals, 

a level comparator (201) for comparing the envelope levels (R1.R2.R3.R4) between the branch signals 
and also for outputting an identification signal representative of a comparison result, and 
means (202) for generating, for respective branch signals, probability information (P1,P2,P3,P4) each 
representing a probability that a corresponding envelope level (R1 ,R2,R3,R4) is higher than others during 
the observation period, on the basis of the identification signal, and the probability information generating 
means (202) also for supplying the probability information as the reliability information to the weight de- 
termination means (300). 



PatentansprUche 

1 . DiversitatsempfSnger mit: 

einerVielzahl von Antennen (100, 101)zum Erzeugen vonZweigsignalendurch Empfangen von Funksignalen 
(iber eine Vielzahl von Funksignalpfaden, die unterschiedlich voneinander sind, 

einer Einrichtung (200) zum Extrahieren einer Zuverlassigkeitsinformation jeweiliger Zweigsignale von den 
jeweiligen Zweigsignaien wahrend einer Beobachtungsperiode, wobei die Beobachtungsperiode ausreichend 
kurzer als eine Varianzperiode der Zweigsignale aufgrund von Fading der Funksignale eingestellt ist, derart, 
dass die Funksignalpfade equivalent zu Ubertragungspfaden mit weiBem GauB'schen Rauschen erscheinen, 

einer Einrichtung (300) zum Bestimmen von Gewichten fur die jeweiligen Zweigsignale auf der Grundiage der 
Zuverlassigkeitsinformation, und 

einer Einrichtung (108 bis 110) zum Erzeugen eines kombinierten Empfangssignals durch ein lineares Kom- 
binieren der Zweigsignale in Obereinstimmung mit den Gewichten (W1, W2), 

wobei die Zuverlassigkeitsinformation jeweils einen Grad eines Beitrags zu einer Verbesserung eines 
Signa!energie-zu-Rauschenergie-Verhaltnisses des kombinierten Empfangssignals eines entsprechenden Zweig- 
signals darstelft; 
wobei 

die Zuveriassigkeits-Extraktionseinrichtung (200) einschlieBt: 

eine Vielzahl von Huilkurvendetektoren (102, 103), die jeweils einem der Zweigsignale entsprechen, zum 
Erfassen von Hullkurvenpegeln (R1 , R2, R3, R4) jeweiliger Zweigsignale, 

einen Pegelkomparator (201 ) zum Vergleichen der Hullkurvenpegel (R1 , R2, R3, R4) zwischen den Zweigsi- 
gnaien, und auch zum Ausgeben eines Identifikationssignals, das reprasentativ fur ein Vergleichsergebnis ist, 
und 

eine Einrichtung (202) zum Erzeugen einer Wahrscheinlichkeitsinformation (P1 , P2, P3, P4) fur die jeweiligen 
Zweigsignale, die jeweils eine Wahrscheinlichkeit darsellt, dass ein entsprechender Hullkurvenpegel (R1 , R2, 
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R3, R4) hdher a!s andere wahrend der Beobachtungsperiode est, auf der Grundlage des Identif ikationsstgnals, 
und die Wahrscheinlichkeitsjnformations-Erzeugungseinrichtung (202) auch zum Zufiihren der Wahrschein- 
lichkeitsinformation als der Zuverlassigkeitsinformation zu der Gewichtsbestimmungseinrichtung (300). 

2. Diversitatsempfanger nach Anspruch 1, dadurch gekennzeichnet, dass die lineare Kombinationseinrichtung 
(108 bis 110)einschlie3t: 

eine Vielzahl von Verstarkern (108, 109) mit variabler Verstarkung, wobei jeder einem der Zweigsignale ent- 
sprtcht, jeweils zum Verstarken der entsprechenden Zweigsignale mit Verstfirkungen in Ubereinstimmung mit 
entsprechenden Gewichten (W1 , W2), und 

einen Addierer (110) zum Addieren der Zweigsignale nach einer Verstarkung. 

3. Diversitatsempfanger nach Anspruch 1 , dadurch gekennzeichnet, dass die lineare Kombinationseinrichtung ein- 
schlieBt: 

eine Vielzahl von Multiplizierem (114), wobei jeder einem der Zweigsignale entspricht, zum jeweiligen Multi- 
plizieren der entsprechenden Zweigsignale mit entsprechenden Gewichten, und 

einen Addierer (110) zum Addieren der Zweigsignale nach einer Multiplikation mit den entsprechenden Ge- 
wichten. 

4. Diversitatsempfanger nach Anspruch 1 , dadurch gekennzeichnet, dass die lineare Kombinationseinrichtung ein- 
schlieGt: 

eine Vielzahl von Phasendetektoren (104), die jeweils einem der Zweigsignale entsprechen, zum jeweiligen 
Erfassen von Phasen entsprechender Zweigsignale, 

eine Vielzahl von Phasenschiebern (106), die jeweils einem der Zweigsignale entsprechen, zum jeweiligen 
Phasenschieben entsprechender Zweigsignale in Ubereinstimmung mit den Phasen entsprechender Zweig- 
signale, und 

einem Addierer (110) zum Addieren der Zweigsignale nach einem Phasenschieben. 

5. Diversitatsempfanger nach Anspruch 1 , weiter umfassend einen Detektor (400) zum Erfassen und Demodulieren 
des kombinierten Empfangssignals.. 

6. Diversitatsempfanger nach Anspruch 1 , weiter umfassend eine Vielzahl von Detektoren (400), die jeweils einem 
der Zweigsignale entsprechen, zum Erfassen und Demodulieren entsprechender Empfangssignale, und auch zum 
Zufiihren der erfassten und demodulierten Zweigsignale als die Zweigsignale zu der linearen Kombinationsein- 
richtung (108, 110), nachdem die Phasen davon glatt ausgefuhrt sind. 

7. Diversitatsempfanger nach Anspruch 1, dadurch gekennzeichnet, dass die Gewichtsbestimmungseinrichtung 
(300) die Gewichte fur die jeweiligen Zweigsignale durch ein Konvertieren jeder der Zuverlassigkeitsinformationen 
in ein entsprechendes der Gewichte unter Verwendung eines vorbestimmten Konversionsalgorithmus bestimmt. 

8. Diversitatsempfanger nach Anspruch 7, dadurch gekennzeichnet, dass der vorbestimmte Konversionsalgorith- 
mus eine Form einer einfachen Proportion aufweist. 

9. Diversitatsempfanger nach Anspruch 7, dadurch gekennzeichnet, dass der vorbestimmte Konversionsalgorith- 
mus eine Form einer Stufenfunktion aufweist. 

10. Diversitatsempfanger nach Anspruch 1, dadurch gekennzeichnet, dass die Wahrscheinlichkeitsinformations- 
Erzeugungseinrichtung (200) einschlieBt: 

eine Einrichtung zum Abtasten des Identifikationssignals fur jede Abtastperiode, die ein ISJ-tel der Beobach- 
tungsperiode ist, wobei N eine naturiiche Zahl groBer als 1 ist, 
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eine Einrichtung zum ZShlen, fur jeweilige Zweigsignale, einer Anzahl von abgetasteten Daten, die darstellen, 
dass die Huilkurvenpegel der entsprechenden Zweigsignale groBer a!s jene der anderen Zweigsignale sind, 
und 

eine Einrichtung zum Ausgeben von Zahiwerten fur die jeweiiigen Zweigsignale als die Wahrscheinlichkeits- 
information davon. 

11. Diversitatsempfanger nach Anspruch 1, dadurch gekennzelchnet, dass die Wahrscheinlichkeitsinformations- 
Erzeugungseinrichtung einschlieBt: 

eine Einrichtung zum Abtasten des Identifikationssignats fur jede Abtastperiode, die ein N-tel der Beobach- 
tungsperiode ist, wobei N eine naturliche Zahl groBer als 1 ist, 

eine Einrichtung zum Zahlen, fur die jeweiiigen Zweigsignale, von Anzahlen von abgetasteten Daten, die dar- 
stellen, dass die Huilkurvenpegel entsprechender Zweigsignalen groBer sind als jene anderer Zweigsignalen, 

eine Einrichtung zum Berechnen von Verh&ltnissen von Zahiwerten zu N fur die jeweiiigen Zweigsignale, und 

eine Einrichtung, urn sie als die Wahrscheinlichkeitsinformation davon auszugeben. 

12. Diversitatsempf anger nach Anspruch 11 , dadurch gekennzelchnet, dass die Verhaltnisse als Zeitmittel fur jede 
Beobachtungsperiode berechnet werden. 

13. Diversitatsempfanger nach Anspruch 11, dadurch gekennzelchnet, dass die Verhaltnisse als laufende Mittel- 
werte fur die letzten N-Proben berechnet werden. 

14. Diversitatsempfanger nach Anspruch 1, dadurch gekennzelchnet, dass die Wa hrsch ein I ichkeits information s- 
Erzeugungseinrichtung einschlieBt: 

eine Einrichtung zum Abtasten des Identifikationssignals fur jede Abtastperiode, die eine N-tel der Beobach- 
tungsperiode ist, wobei N eine naturliche Zahl groBer als 1 ist, 

eine Einrichtung zum Zahlen, fur die jeweiiigen Zweigsignale, von Anzahlen abgetasteter Daten, die darstellen, 
dass die Huilkurvenpegel entsprechender Zweigsignale groBer als jene anderer Zweigsignalen sind, 

eine Einrichtung zum Zahlen, fur die entsprechenden Zweigsignale, von Abtastperioden, die erforderlich sind, 
damit die entsprechenden Z&hlwerte einen vorbestimmten Wert erreichen, und 

eine Einrichtung zum Ausgeben der erforderlichen Abtastperioden als die Wahrscheinlichkeitsinformation da- 
von. 

15. Diversitatsempfanger nach Anspruch 1, dadurch gekennzelchnet, dass die Anzahl von Zweigsignalen groBer 
als 2 ist, und 

der Pegelkomparator eine Vielzahl von Komparatoren (201, 201a, 201b) umfasst, die entsprechend jeweiliger 
Zweigsignale auBer einem der Zweigsignale bereitgestellt sind, zum Vergleichen der Huilkurvenpegel (R1 , R2, 
R3, R4) der entsprechenden Zweigsignale mit jenen des einen der Zweigsignale, und auch zum Ausgeben eines 
Identifikationssignals, das reprasentativ fur ein Vergleichsergebnis ist. 

16. Verfahrenzum linearen Kombinieren von Zweigsignalen, die von einer Vielzahl von Antennen (100, 101)zugefuhrt 
werden, wobei die Vielzahl von Antennen Funksignaie, die uber eine Vielzahl von Funksignalubertragungspfaden 
empfangen werden, die unterschiedlich voneinander sind, als die Zweigsignale zufuhren, wobei das Verfahren die 
Schritte umfasst: 

Extrahieren einer Zuverlassigkeitsinformation jeweiliger Zweigsignale von den jeweiiigen Zweigsignalen wah- 
rend einer Beobachtungsperiode, wobei die Beobachtungsperiode ausreichend kurzer als eine Varianzperiode 
der Zweigsignale aufgrund von Fading der Funksignaie eingestellt wird, derart, dass die Funksignalpfade als 
equivalent zu Ubertragungspfaden mit weiBem GauB'schen Rauschen erscheinen, 
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Bestimmen von Gewichten (W1 , W2 P W3, W4) fur die jeweiiigen Zweigsignale auf der Grundlage der Zuver- 
iassigkeitsinformation, und Erzeugen eines kombinierten Empfangssignals durch ein lineares Kombinieren 
der Zweigsignale in Ubereinstimmung mit den Gewichten (W1, W2, W3, W4), 

wobei die Zuveriassigkeitsinformation jeweils einen Grad eines Beitrags zu der Verbesserung eines Signalener- 
gtezu-Rauschenergie-Verhaitnisses des kombinierten Empfangssignals durch ein entsprechendes Zweigsigna! 
darstelit; 

Erfassen von HuKkurvenpegein (R1, R2, R3, R4) entsprechender Zweigsignalen, 

Vergleichen der Hullkurvenpegel (R1, R2, R3, R4) zwischen den Zweigsignalen und Ausgeben eines Identi- 
fikationssignals, das reprSsentativ fur ein Vergleichsergebnis ist, 

Erzeugen, fur die jeweiiigen Zweigsignale, einer Wahrscheinlichkeitsinformation (P1, P2, P3, P4), die jeweils 
eine Wahrscheinlichkeit darstelit, dass ein entsprechender Hullkurvenpegel (R1 , R2, R3, R4) hoherals andere 
wahrend der Beobachtungsperiode ist, auf der Basis des Identifikationssignals, und 

Zufuhren der Wahrscheinlichkeitsinformation als die Zuveriassigkeitsinformation. 

1 7. Schaltung zum linearen Kombinieren von Zweigsignalen , die von einer Vielzahl von Antennen (1 00, 1 01 ) zugefuhrt 
werden, wobei die Vielzahl von Antennen Funksignale, die uber eine Vielzahl von Funksignalubertragungspfaden 
empfangen werden, die unterschiedlich voneinander sind, als die Zweigsignale zufuhrt, wobei die Schaitung um- 
fasst: 

eine Einrichtung (200) zum Extrahieren einer Zuveriassigkeitsinformation jeweiliger Zweigsignale von den 
jeweiiigen Zweigsignalen wahrend einer Beobachtungsperiode, wobei die Beobachtungsperiode ausreichend 
kurzer eingestellt ist als eine Varianzperiode der Zweigsignale aufgrund von Fading der Funksignale, derart, 
dass die Funksignalpfade als Equivalent zu Ubertragungspfaden mit wei&em GauB'schen Rauschen erschei- 
nen, 

eine Einrichtung (300) zum Bestimmen von Gewichten fur die jeweiiigen Zweigsignale auf der Grundlage der 
Zuveriassigkeitsinformation, und 

eine Einrichtung (110) zum Erzeugen eines kombinierten Empfangssignals durch ein lineares Kombinieren 
der Zweigsignale in Ubereinstimmung mit den Gewichten (W1 , W2, W3, W4), 

wobei die Zuveriassigkeitsinformation jeweils einen Grad eines Beitrags zu einer Verbesserung eines Signalen- 
ergie-zu-Rauschenergie-Verhaltnisses des kombinierten Empfangssignals durch ein entsprechendes . Zweigsi- 
gnal darstelit, 
wobei 

dieZuverlassigkeits-Extraktionseinrichtung (200) einschlieBt: 

eine Vielzahl von Hullkurvendetektoren (102, 103), die jeweils einem der Zweigsignale entsprechen, zum 
Erfassen von Hullkurvenpegeln (R1 , R2, R3, R4) jeweiliger Zweigsignale, 

einen Pegelkomparator (201) zum Vergleichen der Hullkurvenpegel (R1, R2, R3, R4)zwischen denZweig- 
signalen, und auch zum Ausgeben eines Identifikationssignals, das fur ein Vergleichsergebnis reprasen- 
tativ ist, und 

eine Einrichtung (202) zum Erzeugen, fur die jeweiiigen Zweigsignale, einer Wahrscheinlichkeitsinforma- 
tion (P1 , P2, P3, P4), die jeweils eine Wahrscheinlichkeit darstelit, dass ein entsprechender Hullkurven- 
pegel (R1, R2, R3, R4) hoher als andere wihrend der Beobachtungsperiode ist, auf der Grundlage des 
Identifikationssignals, und die Wahrscheinlichkeitsinformations-Erzeugungseinrichtung (202) auch zum 
Zufuhren der Wahrscheinlichkeitsinformation als die Zuveriassigkeitsinformation zu der GewichtsBestim- 
mungseinrichtung (300). 
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Revendlcatlons 

1 . Recepteur en diversity comprenant : 

s une plurality d'antennes (100, 101) pour produire des signaux de branche en recevant des signaux a haute 

frequence par l'interm6diaire d'une plurality de trajets de signaux a haute frequence qui sont diff6rents les uns 
des autres, 

des moyens (200) pour extraire des informations de fiability de signaux respectifs de branche des signaux 
correspondants de branche pendant une periode d'observation, la p6riode d'observation etant fixee sufftsam- 
10 rnent plus courte qu'une p6riode de variation des signaux de branche due a un evanouissement des signaux 

a haute frequence, de sorte que les trajets de signaux a haute frequence apparaissent equivalents a des 
trajets aleatoires de transmission de bruit blanc Gaussien, 

des moyens (300) pour determiner des poids pour les signaux correspondants de branche sur la base des 
informations de fiabilite, et 

15 des moyens (108 a 110) pour produire un signal recu combing en combinant Iin6airement les signaux de 

branche en fonction des poids (W1 , W2), 

dans lequel les informations de fiabilite repr^sentent chacune un degr§ de contribution, a une amelioration 
du rapport de puissance de signal sur puissance de bruit du signal recu combin6, d'un signal correspondant de 
20 branche ; 

dans lequel 

les moyens (200) d'extraction ^informations de fiabilite comprennent : 

une plurality de detecteurs (102, 103) d'enveloppe correspondant chacun a un des signaux de branche, 
pour detecter des niveaux d'enveloppe (R1 , R2, R3, R4) de signaux correspondants de branche, 
un comparateur (201 ) de niveau pour comparer les niveaux d'enveloppe (R1 , R2, R3, R4) entre les signaux 
de branche et aussi pour emettre un signal d'identification repr6sentant un r6sultat de comparaison, et 
des moyens (202) pour produire, pour des signaux correspondants de branche, des informations de pro- 
bability (P1 , P2, P3, P4) representant chacune une probability pour qu'un niveau correspondant d'enve- 
loppe (R1 , R2, R3, R4) sort plus elev6 que les autres pendant la p6riode d'observation, sur la base du 
signal d'identification, et les moyens (202) de generation d'informations de probability servant aussi a 
foumir les informations de probability aux moyens (300) de determination de poids. 

35 2. Recepteur en diversity selon la revendication 1, dans lequel les moyens (108 a 110) de combinaison lineaire 
comprennent: 

une plurality d'amplificateurs (108, 109) a gain variable correspondant chacun a un des signaux de branche, 
pour amplifier respectivement les signaux correspondants de branche avec des gains en fonction des poids 
40 correspondants (W1 , W2), et 

un additionneur (110) pour additionner les signaux de branche apres amplification. 

3. Recepteur en diversity selon la revendication 1 , dans lequel les moyens de combinaison linyaire comprennent : 

45 une plurality de multiplieurs (114) correspondant chacun a un des signaux de branche, pour multiplier respec- 

tivement les signaux correspondants de branche par les poids correspondants (W1 , W2), et 
un additionneur (110) pour additionner les signaux de branche apres multiplication par les poids correspon- 
dants. 

50 4. Recepteur en diversity selon la revendication 1 , dans lequel les moyens de combinaison linyaire comprennent : 

une plurality de detecteurs (1 04) de phase correspondant chacun a un des signaux de branche, pour dytecter 
respectivement des phases de signaux correspondants de branche, 

une plurality de dyphaseurs (106) correspondant chacun a un des signaux de branche, pour effectuer un 
55 decalage de phase respectivement les signaux correspondants de branche en fonction des phases des si- 

gnaux correspondants de branche, et 

un additionneur (110) pour additionner les signaux de branche apres dephasage. 
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5. Recepteur en diversite selon la revendication 1,compre^ 
le signal combine recu. 

6. R6ceptcur en diversity selon la revendication 1 , comprenant en outre une plurality de detecteurs (400) correspon- 
5 dant chacun a un des signaux de branche, pour detecter et demoduler les signaux correspondants recus et aussi 

pour fournlr les signaux de branche detected et d§modul6s en tant que signaux de branche aux moyens (108 a 
110) de combinaison Iin6aire apres avoir rendu uniformes leurs phases. 

7. Recepteur en diversite selon la revendication 1 , dans lequel les moyens (300) de determination de poids d6ter- 
10 minent les poids pour des signaux correspondants de branche en convertissant chacune des informations de 

fiabilite en Tun correspondant des poids au moyen d'un algorithme predetermine de conversion. 

8. Recepteur en diversite selon la revendication 7, dans lequel I'algorithme predetermine de conversion a la forme 
d'une proportion simple. 

15 

9. Recepteur en diversity selon la revendication 7, dans lequel I'algorithme predetermine de conversion a la forme 
d'une fonction echelon. 

10. Recepteur en diversite selon la revendication 1, dans lequel les moyens (200) de generation d'informations de 
20 probabilite comprennent : 

des moyens pour echantillonner le signal d'identiftcation pour cheque p6riode d'echantillonnage qui est un N- 
ieme de la p6riode d'observation, dans lequel N est un nombre naturel sup6rieur a 1 , 
des moyens pour compter, pour les signaux correspondants de branche, des nombres de donn6es echan- 
25 tillonnees qui indiquent que les niveaux d'enveloppe des signaux correspondants de branche sont superieurs 

a ceux des autres signaux de branche, et 

des moyens pour 6mettre des valeurs de compte pour les signaux correspondants de branche qui represented 
leurs informations de probabilite. 

30 11 . Recepteur en diversite selon la revendication 1 , dans lequel les moyens de generation d'informations de probabilite 
comprennent : 

des moyens pour echantillonner le signal d'identif ication pour chaque periode d'echantillonnage qui est un N- 
ieme de la periode d'observation, dans lequel N est un nombre naturel superieur a 1 , 
des moyens pour compter, pour les signaux correspondants de branche, des nombres de donnees 6chan- 
tillonn6es qui indiquent que les niveaux d'enveloppe des signaux correspondants de branche sont superieurs 
a ceux des autres signaux de branche, 

des moyens pour calculer des rapports de valeurs de compte a N pour les signaux correspondants de branche, 
et 

des moyens pour emettre ces rapports comme representant leurs informations de probabilite. 

12. Recepteur en diversite selon la revendication 11, dans lequel les rapports sont calcuies comme des moyennes 
dans le temps pour chaque periode d'observation. 

& 13. Recepteur en diversite selon la revendication 11 , dans lequel les rapports sont calcuies comme des moyennes 
mobiles pour les N derniers 6chantiilons, 

14. Recepteur en diversite seion la revendication 1 , dans lequel les moyens de generation d'informations de probabilite 
comprennent : 

50 

des moyens pour echantillonner le signal ^identification pour chaque periode d'6chantillonnage qui est un N- 
ieme de la p6riode d'observation, dans lequel N est un nombre naturel superieur a 1 , 
des moyens pour compter, pour les signaux correspondants de branche, des nombres de donnees 6chan- 
tillonn6es qui indiquent que les niveaux d'enveloppe des signaux correspondants de branche sont superieurs 
55 a ceux des autres signaux de branche, 

des moyens pour compter, pour les signaux correspondants de branche, des periodes d'echantillonnage n6- 

cessaires pour que les valeurs correspondantes de compte atteignent une valeur predeterminee, et 

des moyens pour emettre lesdites p6riodes necessaires d'echantillonnage comme representant leurs infor- 
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mations de probabilite. 

15. Recepteur en diversity selon fa revendication 1 , dans lequel le nombre de signaux de branche est superieur a 2, et 

ledit comparateur de niveau comprend une plurality de comparateurs (201 , 201 a, 201 b) qui sont prevus en 
5 correspondence avec les signaux respectifs de branche, sauf pour un des signaux de branche, afin de comparer 

les niveaux d'enveloppe (R1 , R2, R3, R4) des signaux correspondents de branche a celui dudit un des signaux 
de branche et aussi afin d'6mettre un signal ^identification representant un resuitat de comparaison. 

16. Proc6d6 pour combiner lineairement des signaux de branche fournis depuis une plurality d'antennes (100, 101), 
10 la plurality d'antennes fournissant des signaux a haute frequence, recus par I'intermediaire d'une plurality de trajets 

de signaux a haute frequence qui sont differents les uns des autres en tant que signaux de branche, le proc6d6 
comprenant les etapes consistent a: 

extraire des informations de fiabilite de signal de branche des signaux correspondants de branche pendant 
15 une periode d'observation, la periode d'observation etant fix6e suffisamment plus courte qu'une periode de 

variation des signaux de branche due a un evanouissement des signaux a haute frequence, de sorte que les 
trajets de signaux a haute frequence apparaissent equivalents a des trajets aleatoires de transmission de bruit 
blanc Gaussien, 

determiner des poids (W1 , W2, W3, W4) pour les signaux correspondants de branche sur la base des infor- 
20 mations de fiabilite, et produire un signal recu combine en combinant lineairement les signaux de branche en 

fonction des poids (W1, W2, W3, W4), 

dans lequel les informations de fiabilite represented chacune un degre de contribution a une amelioration 
du rapport de puissance de signal a puissance de bruit du signal recu combine d'un signal correspondent de 
25 branche ; 

detecter des niveaux d'enveloppe (R1 , R2, R3, R4) de signaux correspondants de branche, 
comparer les niveaux d'enveloppe (R1 , R2, R3, R4) entre les signaux de branche et emettre un signal d'iden- 
tification represented un resuitat de compereison, 
30 produire, pour des signeux correspondants de branche, des informations de probabilite (P1 , P2, P3, P4) re- 

presented checune une probabilite pour qu'un niveau correspondent d'enveloppe (R1 , R2, R3, R4) soit plus 
eiev6 que les autres pendant la periode d'observation, sur la base du signal d'identification, et 
fournir les informations de probabilite en tant qu'informetions de fiebilite. 

35 17. Circuit pour combiner Iin6airement des signaux de branche fournis a partir d'une plurality d'antennes (100, 101), 
la pluralite d'antenne fournissant des signaux a haute frequence, regus en tant que signaux de branche par I'in- 
termedieire d'une pluralite de trajets de signaux a haute frequence qui sont differents les uns des autres, le circuit 
comprenant : 

to des moyens (200) pour extraire des informations de fiabilite de signal de branche des signaux correspondants 

de branche pendant une periode d'observation, la periode d'observation etant fixee suffisamment pius courte 
qu'une periode de variation des signaux de branche due a un evanouissement des signaux a haute frequence, 
de sorte que les trajets de signaux a haute frequence apparaissent equivalents a des trajets a!6atoires de 
transmission de bruit blanc Gaussien, 

is des moyens (300) pour determiner des poids pour ies signaux correspondants de branche sur la base des 

informations de fiabilite, et 

des moyens (110) pour produire un signal recu combine en combinant lineairement les signaux de branche 
en fonction des poids (W1 , W2, W3, W4), 

50 dans lequel les informations de fiabilite represented chacune un degre de contribution a une amelioration 

du rapport de puissance de signal a puissance de bruit du signal recu combine d'un signal correspondent de 
branche ; 

dans lequel 

55 les moyens (200) d'extraction d'informetions de fiebilite comprennent : 

une pluralite de detecteurs (102, 103) d'enveloppe correspondent chacun a un des signaux de branche, 
pour detecter des niveaux d'enveloppe (R1 , R2, R3, R4) de signaux correspondants de branche, 
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un comparateur (201 ) de niveau pourcomparer !es nlveaux d'enveloppe (R1 , R2, R3, R4) entre les signaux 
de branche et aussi pour emettre un signal ^identification representant un resuitat de comparison, et 
des moyens (202) pour produire, pour des signaux correspondants de branche, des informations de pro- 
bability (P1 , P2, P3, P4) representant chacune une probabiiite pour qu'un niveau correspondant d'enve- 
loppe (R1, R2, R3, R4) soit plus eleve que les autres pendant la periode d'observation, sur la base du 
signal d'identiffcation, et ies moyens (202) de generation d'informations de probability servant aussi a 
foumir les informations de probabiiite aux moyens (300) de determination de poids. 
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